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ABSTRACT : 

PROBLEM TO BE SOLVED: To provide an apparatus and a method for 
plasma 

treating capable of uniformly treating overall substrate to be 
treated without 

developing a charge-up damage even by continuously treating a 
plurality of the 
substrates to be treated. 



SOLUTION: A protective ring 31 arranged to surround an outer 
peripheral edge 

of a wafer W on a susceptor 30 is formed in a vertically movable 
shape to the 

susceptor 30, and an elevator 50 capable of accurately regulating by 
a stepping 

motor 51 is embedded in a part for mounting the ring 31 of the outer 
peripheral 

side of the upper surface of the susceptor 30. A height of the upper 
surface 

of the ring 31 is detected by a laser detector 55 arranged on a part 
corresponding directly above the ring 31 of a treating chamber 2. 
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When a 

difference (d) of the height of the upper surface of the susceptor 30 
exceeds a 

predetermined value, the elevator 50 is driven to regulate height so 
that the 

upper surface of the ring 31 and the upper surface of the susceptor 

3 0 become 

the same height. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The processing chamber which processes to a processed base under an abbreviation vacuum, and the raw gas 
supply system which supplies raw gas to said processed base, The susceptor which lays said processed base, and the 
protect ring supported possible [ rise and fall ] so that the periphery edge of the processed base laid on said susceptor 
might be surrounded, The processor possessing a detection means to detect the height of the top face of said protect 
ring, and a height control means to adjust the height of said protect ring based on said detected height. 
[Claim 2] The processor characterized by being a processor according to claim 1 and being the vertical mold light 
monitor with which said detection means equipped said protect ring top face with the light-emitting part which 
irradiates light at an abbreviation perpendicular, and the light sensing portion which detects the reflected light of said 
light. 

[Claim 3] The processor characterized by being a processor according to claim 1 and being the water flat tip light 
monitor equipped with the light-emitting part with which said detection means irradiates light in parallel with said 
protect ring top face, and the light sensing portion which is arranged in said light-emitting part and the location which 
counters about said protect ring, and detects said light. 

[Claim 4] The processor characterized by being a processor according to claim 1 and said detection means being the 
laser interference monitor which measures the thickness of a protect ring using interference with the incident light of a 
laser beam, and the reflected light. 

[Claim 5] The processor with which it is a processor given in any 1 term of claims 1-5, and said height control means is 
characterized by providing the ball screw which makes it go up and down said protect ring, and the stepping motor 
which drives this ball screw. 

[Claim 6] The art characterized by processing a processed substrate where it adjusted the height of said protect ring at 
the predetermined stage and said processed substrate and height on said top face of a protect ring are maintained in the 
same height within the processing chamber maintained by the abbreviation vacua in the art which processes said 
processed substrate by supplying raw gas on the processed substrate which had the periphery surrounded by the protect 
ring. 

[Claim 7] In the art which processes said processed substrate by supplying raw gas within the processing chamber 
maintained by the abbreviation vacua on the processed substrate which had the periphery surrounded by the protect 
ring The art which carries out monitoring of the height on said top face of a protect ring, and is characterized by 
processing said processed substrate, adjusting the height of said protect ring and maintaining in the same height as said 
processed substrate when the difference of elevation on said top face of a processed substrate becomes a predetermined 
value. 

[Claim 8] In the art which processes said processed substrate by supplying raw gas within the processing chamber 
maintained by the abbreviation vacua on the processed substrate which had the periphery surrounded by the protect 
ring The art which carries out monitoring of the processing time of said processed substrate, and is characterized by 
processing said processed substrate, adjusting the height of said protect ring and maintaining in the same height as said 
processed substrate when the addition value of said processing time turns into a predetermined value. 
[Claim 9] The art characterized by processing said processed substrate, adjusting the height of said protect ring at the 
time of oxygen plasma cleaning, and maintaining in the same height as said processed substrate within the processing 
chamber maintained by the abbreviation vacua in the art which processes said processed substrate by supplying raw gas 
on the processed substrate which had the periphery surrounded by the protect ring. 

[Claim 10] The art characterized by processing said processed substrate, adjusting the height of said protect ring and 
maintaining in the same height as said processed substrate within the processing chamber maintained by the 
abbreviation vacua whenever processing of the processed substrate of one lot is completed in the art which processes 
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said processed substrate by supplying raw gas on the processed substrate which had the periphery surrounded by the 
protect ring. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the processor and art which process processed substrates, such as a 
semi-conductor wafer, and relates to the processor and art which etch the oxide film formed on the processed substrate 
at the detail, and an insulator layer further. 
[0002] 

[Description of the Prior Art] By arranging the protect ring which is the member of the shape of a circular ring call a 
focal ring on the susceptor which lays Wafer W in etching processors , such as the processor which processes to 
processed substrates , such as a semi-conductor wafer , for example , a plasma etching system etc. , conventionally , 
electric field are centralize near the core of a susceptor , and as the plasma generate within a processing chamber is 
acting on the wafer W laid on the susceptor intensively , it is processing . 

[0003] Drawing 13 is the vertical cross section having shown typically the inside of the processing chamber of typical 
plasma treatment equipment. 

[0004] As shown in drawing 13 , the circular ring-like protect ring 102 is arranged on the susceptor 101 in the 
processing chamber 100, and this protect ring 102 is constituted as a disc-like member of one sheet. As shown in 
drawing 13 , a protect ring 102 surrounds the periphery of the wafer W laid on the susceptor 101, and is exposed to the 
plasma at the time of processing. Therefore, if two or more wafers W are processed continuously, the front face will be 
etched also for protect ring 102 self for the plasma which collides, and the thickness of a protect ring will become thin. 
[0005] If the thickness of a protect ring becomes thin, the effectiveness of centralizing electric field near the core of a 
susceptor will become weak, and the rate which carries out etching processing will fall, or the phenomenon called a 
charge-up damage will happen. This charge-up damage is the phenomenon in which the potential distribution near 
[ which was laid in the susceptor ] a wafer W front face becomes uneven, when the thickness of a protect ring becomes 
thin. If this charge-up damage occurs, the plasma and etchant ion are distributed over an ununiformity within the Wth 
page of a wafer, and processing of etching etc. is no longer carried out to homogeneity within the Wth page of a wafer, 
and causes the problem that yield falls. 

[0006] Therefore, since even a protect ring without the need for exchange will be exchanged for a new article by this 
approach although the approach of exchanging a protect ring to a new article regardless of the condition [ exhausting ] 
of a protect ring is adopted if the sum total of the processing time reaches fixed time amount, there is a problem that 
there is much futility. Especially, since the protect ring itself is expensive, there is a problem on the manufacturing cost 
that the running cost of a processor will go up if even a protect ring without the need of exchanging is uniformly 
exchanged for a new article, as a result the manufacturing cost of a semi-conductor product also rises. 
[0007] Furthermore, when it exchanges regardless of the condition [ exhausting ] of a protect ring, the problem on the 
production process that and manufacture effectiveness falls also has the futility of maintenance control. 
[0008] 

[Problem(s) to be Solved by the Invention] This invention is invention made in order to solve the above-mentioned 
conventional problem. Namely, even if it processes two or more processed substrates continuously, a charge-up 
damage does not happen, but this invention aims at offering plasma treatment equipment and the plasma treatment 
approach without dispersion in the quality of the processed substrate after processing in the sequence of processing. 
[0009] Furthermore, this invention aims at offering the plasma treatment equipment and the plasma treatment approach 
of carrying out uniform processing. [ the whole processed substrate ] 
[0010] 

[Means for Solving the Problem] The processing chamber to which the processor of this invention processes to a 
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processed base under an abbreviation vacuum, The raw gas supply system which supplies raw gas to said processed 
base, and the susceptor which lays said processed base, The protect ring which surrounds the periphery edge of the 
processed base laid on said susceptor, a detection means to detect the height of the top face of said protect ring, and a 
height control means to adjust the height of said protect ring based on said detected height are provided. 
[001 1] In this processor, the vertical mold light monitor equipped with the light-emitting part which irradiates light on 
said protect ring top face at an abbreviation perpendicular, and the light sensing portion which detects the reflected 
light of said light as said detection means is mentioned. 

[0012] Moreover, said detection means is a processor characterized by being the water flat tip light monitor equipped 
with the light-emitting part which irradiates light in parallel with said protect ring top face, and the light sensing portion 
which is arranged in said light-emitting part and the location which counters about said protect ring, and detects said 
light. 

[0013] Furthermore, you may be the laser interference monitor which measures the thickness of a protect ring as said 
detection means using interference with the incident light of a laser beam, and the reflected light. 
[0014] In the above-mentioned processor, the device in which the ball screw which makes it go up and down said 
protect ring, and the stepping motor which carries out the rotation drive of this ball screw are provided as said height 
control means is mentioned. 

[0015] The art of this invention is characterized by processing a processed substrate, where it adjusted the height of 
said protect ring at the predetermined stage and said processed substrate and height on said top face of a protect ring are 
maintained in the same height within the processing chamber maintained by the abbreviation vacua in the art which 
processes said processed substrate by supplying raw gas on the processed substrate which had the periphery surrounded 
by the protect ring. 

[0016] Other arts of this invention within the processing chamber maintained by the abbreviation vacua In the art which 
processes said processed substrate by supplying raw gas on the processed substrate which had the periphery surrounded 
by the protect ring Monitoring of the height on said top face of a protect ring is carried out, and it is characterized by 
processing said processed substrate, adjusting the height of said protect ring and maintaining in the same height as said 
processed substrate, when the difference of elevation on said top face of a processed substrate becomes a predetermined 
value. 

[0017] Still more nearly another art of this invention within the processing chamber maintained by the abbreviation 
vacua In the art which processes said processed substrate by supplying raw gas on the processed substrate which had 
the periphery surrounded by the protect ring Monitoring of the processing time of said processed substrate is carried 
out, and it is characterized by processing said processed substrate, adjusting the height of said protect ring and 
maintaining in the same height as said processed substrate, when the addition value of said processing time turns into a 
predetermined value. 

[0018] The art of further others of this invention is characterized by processing said processed substrate, adjusting the 
height of said protect ring at the time of oxygen plasma cleaning, and maintaining in the same height as said processed 
substrate within the processing chamber maintained by the abbreviation vacua, in the art which processes said 
processed substrate by supplying raw gas on the processed substrate which had the periphery surrounded by the protect 
ring. 

[0019] Still more nearly another art of this invention is characterized by processing said processed substrate, adjusting 
the height of said protect ring and maintaining in the same height as said processed substrate within the processing 
chamber maintained by the abbreviation vacua, whenever processing of the processed substrate of one lot is completed 
in the art which processes said processed substrate by supplying raw gas on the processed substrate which had the 
periphery surrounded by the protect ring. 

[0020] It supports possible [ rise and fall of the protect ring which surrounds the periphery edge of the processed base 
laid on the susceptor ], and the height of the top face of this protect ring is detected, and since it is made the 
configuration which adjusts the height of said protect ring based on said detected height, a protect ring top face is 
always maintainable in this invention, on the same flat surface as the top face of said processed base. Therefore, even if 
a protect ring is exhausted, electric field can always be centralized near right above the processed substrate laid on the 
susceptor. Furthermore, since a level difference is not formed on the boundary of the periphery edge of a processed 
substrate, and a protect ring, a charge-up damage is not discovered, the flow of etchant ion becomes homogeneity, and 
an etch rate is equalized in between the core of a processed substrate, and near a periphery edge. 
[0021] 

[Embodiment of the Invention] (Gestalt of the 1st operation) One operation gestalt of this invention is hereafter 
explained based on an accompanying drawing. 
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[0022] Drawing 1 is the vertical cross section having shown the outline configuration of the plasma etching system 
concerning this operation gestalt. 

[0023] As shown in drawing 1 , this plasma etching system 1 has the processing chamber 2 fabricated by tubed with 
aluminum or stainless steel. This processing chamber 2 is grounded. Moreover, the dipole ring magnet (DRM) which 
arranged two or more cylinder mold permanent magnets in the shape of a periphery is arranged in the periphery of the 
processing chamber 2 (illustration abbreviation), and a rotation magnetic field can be made to form in the space in a 
processing chamber by rotating this DRM now. 

[0024] Head-lining 2B of the processing chamber 2 is connected to the processing chamber body side through the 
insulating member 3, a susceptor 30 is made to counter this head-lining 2B, and the shower head 4 of even hollow 
structure is arranged. In the gas injection side of this shower head 4 inferior surface of tongue, two or more discharge 
openings 5 and 5 and — which carry out the regurgitation of the raw gas introduced in this shower head 4 or the plasma 
gas towards the space formed between the processing space S, i.e., shower head 4 inferior surface of tongue, and 
susceptor 30 top face are punched. 

[0025] This shower head 4 is formed with a conductive ingredient, for example, the aluminum by which alumite 
processing of the front face was carried out, the stainless steel by which surface treatment was carried out, and 
constitutes an up electrode, and the high-frequency voltage of 13.56MHz can be impressed now to that middle through 
the feeder 7 between which the matching circuit 6 was made to be placed. 

[0026] The shield ring 8 of the shape of a cross section of L characters for bringing together the RF electric field 
generated in an up electrode in an inside electrode surface is formed in the lower limit periphery of the shower head 4 
along the hoop direction of the shower head 4. 

[0027] The gas installation tubing 42 is connected to the gas inlet 41 of the shower head 4 upper part. This gas 
installation tubing 42 has branched to plurality, and the source 43 of Ar gas which stores Ar gas as plasma gas, and the 
sources 44 and 45 of etching gas which store the etching gas of CHF3 and CH4 as raw gas are connected, respectively. 
Each of these gas is supplied a flow rate being controlled by the massflow controller 46 interposed on the way or the 
closing motion valve 47. 

[0028] Corresponding to the location which dropped the susceptor 30, the wafer taking-out inlet port 23 is arranged by 
some side attachment walls of the processing chamber 2, and the gate valve 25 which opens for free passage and 
intercepts between the transfer rooms 26 constituted possible [ vacuum suction ] is arranged here. 
[0029] The metal bellows 24 with which the rear face of a susceptor 30 and the circumference of the opening 13 of 
processing chamber pars-basilaris-ossis-occipitalis 2A were constituted elastically is arranged. Rise and fall of a 
susceptor 30 are enabled maintaining the airtightness in the processing chamber 2 with this bellows 24. The susceptor 
30 is indirectly grounded through this bellows 24 and the processing chamber 2. 

[0030] Moreover, the exhaust port 20 is established in the side attachment wall of the opposite side of the wafer taking- 
out inlet port 23, and the vacuum piping 21 is connected to this exhaust port 20. The vacuum pump 22 is arranged in 
this vacuum piping 21, and the inside of this processing chamber 2 has come be mostly made to a vacua by discharging 
the air in the processing chamber 2 by operating this vacuum pump 22. 

[0031] The susceptor 30 of the shape of the approximate circle board which consists of conductive ingredients, such as 
aluminum and stainless steel, as a lower electrode is arranged in the interior of the processing chamber 2. Support 
immobilization is carried out and this susceptor 30 is arranged in the upper limit of the rise-and-fall shaft 14 inserted 
through the opening 13 of the center section of processing chamber pars-basilaris-ossis-occipitalis 2 A by the elevator 
style (illustration abbreviation) possible [ rise and fall ]. At the time of operation of a plasma etching system 1, where 
Wafer W is laid in the top face of this susceptor 30, etching is performed. 

[0032] The path-like cooling jacket 15 is formed in the interior of a susceptor 30, and a susceptor 30, as a result the 
wafer W laid on it can be maintained now to desired temperature by pouring a refrigerant in this jacket 15. 
Furthermore, in the vertical direction, to the position of this susceptor 30, two or more lifter holes 16 and 16 and — 
penetrate, and are punched at it, and the wafer lifter pin 17 is arranged in the vertical direction possible [ rise and fall ] 
corresponding to these lifter holes 16 and 16 and -. This wafer lifter pin 17 is attached possible [ rise and fall ] in one 
with the pin rise-and-fall rod 18 attached possible [ vertical movement ] through the opening 13 of processing chamber 
pars-basilaris-ossis-occipitalis 2 A. The metal flexible bellows 19 is arranged in the penetration section of this wafer 
lifter pin 17 between the rear faces of a susceptor 30, and while the wafer lifter pin 17 had maintained airtightness, it 
can move up and down now. By moving the wafer lift pin 17 up and down, where a susceptor 30 is held in the location 
shown with the alternate long and short dash line in drawing 1 , it goes up and down Wafer W. Such three wafer lift 
pins 17 are usually formed along the W round edge of wafers. 

[0033] The circular ring-like protect ring 3 1 is arranged in the top face of a susceptor 30. 
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[0034] Drawing 2 is the vertical cross section to which the upper part of the susceptor 30 concerning this operation 
gestalt was expanded partially, and drawing 3 is the decomposition perspective view of the protect ring 3 1 and 
susceptor 30 concerning this operation gestalt. 

[0035] it was shown in drawing 2 and drawing 3 - as - this protect ring 3 1 — a cross section ~ a rectangle -- in a circle 
— the outer diameter of Wafer W --****-- it has the slightly large bore. On the other hand, the top face of a susceptor 
30 is equipped with the convex type cross-section configuration which the inside part which lays Wafer W projected in 
the shape of a cylinder, and the diameter of the projected cylinder mold partial 3 OA concerned has the same dimension 
as the diameter of the wafer W laid on this. Therefore, when Wafer W is laid on a susceptor 30, the side face of Wafer 
W and the side face of said cylinder mold partial 30A form the cylinder side face of abbreviation identitas. if a protect 
ring 3 1 is set on this susceptor 30 between the inner skin of a protect ring 3 1 , and the side faces of Wafer W and the 
side faces of said cylinder mold partial 30A — ****-- few clearances are formed. 

[0036] Moreover, as it applies to periphery side top-face 30C from the side face of said cylinder mold partial 30 A of a 
susceptor 30 and is shown in drawing 2 , surface protective layer 30B is formed. This surface protective layer 30B is 
formed, the ingredient which it is and can protect a susceptor 30 from etchant or the plasma, for example, the ceramics 
etc., for protecting a susceptor 30 from the attack of etchant, the plasma, etc. 

[0037] Furthermore, symmetrically, the elevator 50 as a height control means to adjust the height of a protect ring 3 1 is 
laid under periphery side top-face 30C of a susceptor 30 three sets so that the include angle of 120 degrees may be 
made mutually. 

[0038] These elevators 50 consist of a top plate 52 which exposes that top face to periphery side top-face 30C of a 
susceptor 30, and pushes up protect ring 3 1 base, a rod 53 which supports a top plate 52 from this top-plate 52 bottom, 
and a stepping motor 51 which this rod 53 and revolving shaft combined. This rod 53 is the shape of a bolt by which 
the screw thread was formed in the side face, engages with the female screw part formed in the susceptor 30 side, and 
forms the so-called ball screw. A rod 53 moves up and down and the lower limit side of a rod 53 makes it go up and 
down a top plate 52, as a result a protect ring 31 by having combined with the revolving shaft of a stepping motor 51, 
driving a stepping motor 51, and carrying out predetermined include-angle rotation of the revolving shaft. The stepping 
motor 5 1 is controlled by the control unit which is not illustrated, and the height of a protect ring 3 1 can be adjusted 
with high precision by controlling angle of rotation of a revolving shaft correctly. 

[0039] The laser detector 55 as a detection means to detect the height of the top face of said protect ring 3 1 is arranged 
in the location equivalent to right above [ of the processing chamber 2 / of protect ring 31]. Drawing 4 is the block 
diagram of the detection means concerning this operation gestalt. 

[0040] This laser detector 55 consists of laser light-emitting part 55A and laser light sensing portion 55B, applies the 
laser beam discharged from laser light-emitting part 55 A to the top face of a protect ring 31, detects that reflected light 
by laser light sensing portion 55B, and measures the height of a protect ring 31 from the condition of that reflected 
light. For example, the known measuring device measured from the time amount taken for the laser beam which 
emitted light from laser light-emitting part 55 A to reflect on the protect ring 31 top face, and to return to laser light 
sensing portion 55B, the wave number, interference, etc. can be used. 

[0041] Next, a procedure in case the plasma etching system concerning this operation gestalt performs height control of 
a protect ring 31 is explained. Drawing 5 is the vertical cross section of the susceptor 30 which expanded partially the 
condition of having laid Wafer W on the susceptor 30 which set the protect ring 3 1 . 

[0042] Drawing 6 is the flow chart which showed the flow of actuation in the case of performing height control of a 
protect ring 3 1 . 

[0043] If the wafer W before processing on a susceptor 30 is laid in case Wafer W is processed (step la), detection of 
the height of the protect ring 3 1 by the laser detector 55 will be performed first. That is, the laser beam emitted from 
laser light-emitting part 55 A is reflected on the top face of a protect ring 31, and this reflected light is received by laser 
light sensing portion 55B. Laser light sensing portion 55B which received the reflected light sends a signal to a control 
unit 60 via a wiring path. Laser light-emitting part 55 A is also connected to the control unit 60, and the luminescence 
stage and light-receiving stage of a laser beam are recognized. The data-processing section in a control unit 60 
(illustration abbreviation) carries out data processing from these data, and the height of a protect ring 3 1 is detected. 
[0044] It measures each time and the height on the top face of wafer W is found at a detecting [ on the other hand, 
measure beforehand the height on the top face of wafer W at the time of laying Wafer W in a susceptor 30, and 
memorize it, or arrange the same equipment as the laser detector 55 in the part in the processing chamber 2 which hits 
right above Wafer W, and ]-height of protect ring (illustration abbreviation) 31, and coincidence term. 
[0045] The height data of these protect ring 3 1 top face are compared with the height data on the top face of wafer W, 
and the value of the difference judges whether it is the inside of tolerance (step 2a). 
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[0046] That is, as shown in drawing 5 (a), the height on protect ring 3 1 top face and the top face of wafer W is the 
same, and Wafer W is processed, without judging that there is no need for height control when the value d of a 
difference is zero, or in being in tolerance, shifting to step 7a from step 2a of drawing 6 , and performing height control 
of a protect ring 3 1 . 

[0047] On the other hand, when the value d of said difference has exceeded tolerance, it is judged as those of height 
control with the need, and height control of a protect ring 3 1 is performed. 

[0048] When performing height control, the angle of rotation theta of the required stepping motor 50 is first searched 
for from the value d of said difference, and the pitch of a rod 53 (step 3a). If the command signal which rotates only 
this angle of rotation theta is presented to stepping motors 50A-50C from a control unit 60, while stepping motors 50A- 
50C will rotate only an angle of rotation theta, respectively (step 4a) and a protect ring 31 will maintain a level 
condition, only said difference d goes up, and as shown in drawing 5 (c), the top face of a protect ring 3 1 and the top 
face of Wafer W are made in agreement. 

[0049] After the drive of these stepping motors 50A-50C when protect ring 31 top-face height is measured again (step 
6a) and the value of Difference d is not contained in tolerance, driving, the height of protect ring 31 top face and the 
height on the top face of wafer W are made in agreement by repeating even step 3a - step 5a further. 
[0050] Thus, since it has the composition of adjusting the height of a protect ring 3 1 immediately if monitoring of the 
height of protect ring 3 1 top face is always carried out and the value of the difference d of the height on the top face of 
wafer W exceeds tolerance, the height of the top face of a protect ring 3 1 and the height on the top face of wafer W are 
always maintainable in the same height. 

[0051] Next, the etching processing performed using the plasma etching system constituted as mentioned above is 
explained. 

[0052] If the cluster tool equipment (illustration abbreviation) with which the above-mentioned plasma etching system 
1 was carried is started, it will be conveyed by the processing chamber 2 of a plasma etching system 1 through the 
carrier cassette illustrating neither, a conveyance arm, and a load lock chamber to the transfer room 26 by which 
contiguity arrangement was carried out. 

[0053] Subsequently, a transfer arm (illustration abbreviation) rotates in the transfer room 26, and the transverse plane 
of a plasma etching system 1 is turned to, and it stops. The gate valve 25 in front of a plasma etching system 1 opens 
after an appropriate time, and where the wafer W with an unsettled transfer arm is held, it advances into the processing 
chamber 2 of a plasma etching system 1 . 

[0054] On the other hand, within the processing chamber 2, a susceptor 30 is dropped down [ in the processing 
chamber 2 ], as shown in the alternate long and short dash line of drawing 1 , the unsettled wafer W is carried in in the 
processing chamber 2 through the wafer taking-out inlet port 23 from the transfer room 26 side in this condition, and it 
lays on a susceptor 30. 

[0055] Subsequently, a susceptor 30 is raised and the wafer W laid in the top face is made to approach the inferior 
surface of tongue of the shower head 4 by moving the rise-and-fall shaft 14 up. 

[0056] And vacuum suction of the processing chamber 2 interior is carried out, supplying plasma gas and etching gas 
of the specified quantity in the processing chamber 2 from the shower head 4 in this condition. After this vacuum 
suction closes the gate valve 25 of the wafer taking-out inlet port 23 of a processing chamber and seals the inside of the 
processing chamber 2, it is performed. If a gate valve 25 is dropped, the wafer taking-out inlet port 23 is closed and the 
inside of the processing chamber 2 is sealed, a vacuum pump 22 will operate and carry out vacuum suction. 
[0057] The height of a protect ring 3 1 is measured as mentioned above, at this time, when the value of the difference d 
of the height on the top face of wafer W is in tolerance, it shifts to the following processings as it is, and as mentioned 
above, only the predetermined include angle theta rotates stepping motors 50A-50C, and when the value of Difference 
d is outside tolerance, height control of a protect ring 3 1 is performed so that Difference d may become zero 
substantially. 

[0058] By continuing rotating a vacuum pump 22 with this rotational speed succeedingly after an appropriate time, the 
inside of the processing chamber 2 is maintained to process **, and etching processing of the oxide film which is made 
to generate the plasma at the impression ****** space S, and is formed in the wafer W front face in the high-frequency 
voltage of 13.56MHz is performed to coincidence between the susceptors 30 and up electrodes which are a lower 
electrode. 

[0059] Since height control is made by the protect ring 3 1 at this time as that top face is on the same flat surface as a 
wafer W top face, generating of a charge-up damage is prevented beforehand and uniform processing is performed over 
the whole wafer W surface. 

[0060] If etching processing is performed predetermined time and expected etching processing is completed, the degree 
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of vacuum in the processing chamber 2 will be lowered to the degree of vacuum of extent slightly higher than the 
degree of vacuum of the transfer room 26, and the wafer W after processing will be taken out from the inside of the 
processing chamber 2 by the reverse order with the above after an appropriate time. And Wafer W is similarly 
conveyed in a consecutive processing chamber, and predetermined processing is performed within the processing 
chamber. After a series of processings are completed, the wafer W which processing completed is taken out from the 
inside of the last processing chamber in the transfer room 26, it holds in a carrier cassette again via a load lock chamber 
from the transfer room 26 further, and processing is completed. 

[0061] As explained above, since the protect ring 31 is equipped with a detection means for it to be arranged possible 
[ rise and fall ] to a susceptor 30, and to detect the height of the top face of said protect ring, and a height control means 
to adjust the height of said protect ring based on said detected height, with the plasma treatment equipment 1 
concerning this operation gestalt, protect ring 31 top face and a wafer W top face are always maintainable in the same 
height. Consequently, the manifestation of a charge-up damage can be prevented beforehand. 
[0062] Moreover, when a protect ring 3 1 is exhausted, by carrying out height control, usable LIFE can be elongated 
and a running cost also including the trouble of maintenance control or the cost of a protect ring can be reduced. 
[0063] In addition, this invention is not limited to the written contents of the above-mentioned operation gestalt. For 
example, although the plasma etching system for silicon wafers was made into the example and the above-mentioned 
operation gestalt explained it, it can be used for the other reactant gas treatment equipment, for example, CVD. 
[0064] Furthermore, it cannot be overemphasized that it is applicable also to the processor which processes the glass 
substrate for LCD as well as a silicon wafer. 

[0065] Moreover, although the processor of the rotating field type using the so-called dipole ring magnet (DRM) which 
makes the perimeter of a processing chamber rotate two or more cylinder mold permanent magnets was made into the 
example and the above-mentioned operation gestalt explained it, this invention is applicable also to the processor which 
does not carry this dipole ring magnet (DRM). 

[0066] (2nd operation gestalt) The 2nd operation gestalt of this invention is explained hereafter. In addition, 
explanation is omitted about the contents which overlap the operation gestalt preceded among the operation gestalten 
after this operation gestalt below. 

[0067] With this operation gestalt, it considered as the configuration which performs height control of a protect ring 3 1 
with the addition value of the processing time of Wafer W. 

[0068] Drawing 7 is the flow chart which showed the flow of the art concerning this operation gestalt. 
[0069] In the art concerning this operation gestalt, Wafer W is carried in in the processing chamber 2 (step lb), Wafer 
W is processed (step 2b), and the wafer W after processing is taken out out of the processing chamber 2 (step 3b). The 
time amount which actually processed whenever processing of Wafer W finished is recorded (step 4b), and it 
determines whether perform height control by whether the addition value of the processing time reached the time 
amount specified beforehand (step 5b). 

[0070] Whenever this decision processes one wafer W, it is performed. When it judges whether the processing number 
of sheets of Wafer W reached default value, without performing height control of a protect ring 31 when the addition 
value of the processing time has not reached default value (step 8b) and processing number of sheets is reached, 
processing is ended (step 9b), when processing number of sheets is not reached, the following unsettled wafer W is 
carried in (step lb), and a series of processings are performed (step 2b - step 4b). 

[0071] When the addition value of the processing time reaches default value, like step 3a of said 1st operation gestalt - 
step 4a, only the include angle theta performs rotation (step 7b) of a stepping motor 50, and makes the height of a 
protect ring 3 1 and Wafer W in agreement with indexing (step 6b) of the angle of rotation theta of a stepping motor 50. 
[0072] In the art concerning this operation gestalt, since height control of a protect ring 3 1 is periodically performed 
based on the addition value of the processing time of Wafer W, height control of a protect ring 3 1 can be performed 
with sufficient repeatability. 

[0073] (3rd operation gestalt) The 3rd operation gestalt of this invention is explained hereafter. 

[0074] With this operation gestalt, it considered as the configuration which performs height control of a protect ring 3 1 

at the cleaning stage of a processor. 

[0075] Drawing 8 is the flow chart which showed the flow of the art concerning this operation gestalt. 
[0076] In the art concerning this operation gestalt, whenever processing of Wafer W finishes through step lc - step 3c, 
extent of the dirt of a processor is checked (step 4c), and the stage when cleaning of a processor performs height control 
by whether it is the need is determined (step 5c). 

[0077] Whenever this decision processes one wafer W, it is performed. It judges whether the processing number of 
sheets of Wafer W reached default value, without performing height control of a protect ring 31, when the dirt of a 
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processor has not reached even predetermined extent (step 8c). When processing number of sheets is reached, 
processing is ended (step 9c), when processing number of sheets is not reached, the following unsettled wafer W is 
carried in (step lc), and a series of processings are performed (step 2c - step 4c). 

[0078] When extent which the dirt of a processor specified is reached, like step 3a of said 1st operation gestalt - step 4a, 

only the include angle theta performs rotation (step 7c) of a stepping motor 50, and makes the height of a protect ring 

3 1 and Wafer W in agreement with indexing (step 6c) of the angle of rotation theta of a stepping motor 50. 

[0079] In the art concerning this operation gestalt, since height control of a protect ring 3 1 is performed synchronizing 

with the stage to clean a processor, time amount is utilizable without futility. 

[0080] (4th operation gestalt) The 4th operation gestalt of this invention is explained hereafter. 

[0081] With this operation gestalt, it considered as the configuration which performs height control of a protect ring 3 1 
whenever it processes the wafer W of one lot. 

[0082] Drawing 9 is the flow chart which showed the flow of the art concerning this operation gestalt. 
[0083] In the art concerning this operation gestalt, when it checks whether processing number of sheets had reached a 
part for one lot whenever processing of Wafer W finished through step Id - step 3d (step 4d) and the processed wafer 
W reaches a part for one lot, height control is performed (step 5d, step 6d). 

[0084] In the art concerning this operation gestalt, since height control of a protect ring 3 1 is performed whenever the 

number of sheets of the processed wafer W reaches one lot, periodical height control can be performed. 

[0085] (5th operation gestalt) The 5th operation gestalt of this invention is explained hereafter. 

[0086] In the processor of this operation gestalt, the laser detector which makes a laser beam emit light in the direction 

parallel to the front face of Wafer W as a height detection means was used. 

[0087] Drawing 10 (a) is the top view having shown the outline configuration of the laser detector concerning this 
operation gestalt, and drawing 10 (b) is the vertical cross section having shown the outline configuration of this laser 
detector. 

[0088] In this processor, as shown in drawing 10 (a), 2 sets of laser detectors are used. A lot consists of the 1st laser 
photogenic organ 56 and the 1st laser electric eye 57, and a lot already consists of the 2nd laser photogenic organ 58 
and the 2nd laser electric eye 59. 

[0089] The 1st laser photogenic organ 56 and the 1st laser electric eye 57 detect the height of the top face of Wafer W, 
and the 2nd laser photogenic organ 58 and the 2nd laser electric eye 59 detect the height of protect ring 3 1 top face. All 
make a wafer W top face and parallel scan two or more laser beams, as shown in drawing 10 (b), and detect height by 
detecting the location of the laser beam interrupted with obstructions, such as Wafer W and a protect ring 3 1 . 
[0090] The height on the top face of wafer W and the height of a protect ring 3 1 which were detected, respectively are 
deducted and carried out, that difference d is searched for, and the height of a protect ring is adjusted based on the value 
of this difference d. 

[0091] In the processor concerning this operation gestalt, since height is detected using the laser beam which made the 
abbreviation horizontal direction emit light, it is easy to incorporate in a processing chamber. Moreover, since the 
height of Wafer W and a protect ring 31 is serially surveyed independently, respectively, height measurement can be 
carried out with high precision. 

[0092] (6th operation gestalt) The 6th operation gestalt of this invention is explained hereafter. 

[0093] In the processor of this operation gestalt, the laser detector which measures thickness change of a protect ring 

3 1 , using interference of a laser beam as a height detection means was used. 

[0094] Drawing 1 1 is the vertical cross section having shown the outline configuration of the laser detector concerning 
this operation gestalt. 

[0095] In this processor, as shown in drawing 1 1 , 2 sets of laser detectors are used. A lot is the 1st laser measuring 
instrument 60, and a lot is already the 2nd laser measuring instrument 61. 

[0096] The incident light and the reflected light of a laser beam are made to interfere in both these laser measuring 
instruments 60 and 61, and they measure the distance from a laser measuring instrument to the reflector of Wafer W by 
counting the number of the interference. The laser measuring instrument 60 uses the laser beam of the wavelength 
reflected on a wafer W front face, and measures the distance from the laser measuring instrument 60 to a wafer W top 
face. On the other hand, the laser measuring instrument 61 permeates even the interior of wafer W, uses the laser beam 
of the wavelength reflected on the inferior surface of tongue of Wafer W, and measures the distance from the laser 
measuring instrument 61 to a wafer W inferior surface of tongue. The value measured and acquired with two laser 
measuring instruments 60 and 61 is deducted and carried out, and the thickness of a protect ring 3 1 is measured. 
[0097] And the thickness of the intact protect ring 31 is measured beforehand, and the exhausted thickness of a protect 
ring 3 1 is computed by deducting the thickness of the protect ring 3 1 which measured serially and was obtained from 
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this first thickness. Since the thickness for this consumption is equivalent to the difference d with the height on the top 
face of wafer W, whether the value of this difference d exceeded the permissible dose performs height adjustment of a 
protect ring 3 1 . 

[0098] Since the thickness of a protect ring 31 is measured using interference of a laser beam in the processor 
concerning this operation gestalt, the effectiveness that it can measure also in plasma treatment is acquired. 
[0099] (7th operation gestalt) The 7th operation gestalt of this invention is explained hereafter. 
[0100] Drawing 12 is the vertical cross section to which the upper part of the susceptor 30 concerning this operation 
gestalt was expanded partially. 

[0101] In the processor of this operation gestalt, it considered as the structure where the protective block 32 was made 
to insert between a protect ring 31 and a susceptor 30. 

[0102] In this processor, the protective block 32 is formed from the ingredient which can protect a susceptor 30 from 
the attack of the plasma, etchant, etc., for example, a ceramic etc., a protect ring 3 1 and concentric circular are in a 
circle, and it is equipped with the cross-section configuration of the abbreviation mold for L characters as shown in 
drawing 12 , and it is formed so that it may fit into the inner circumference side of a protect ring 3 1 removable. 
[0103] Since etchant or the plasma which flowed down from the clearance between Wafer W and a protect ring 31 
since the protective block 32 was arranged by the part which hits just under the clearance between Wafer W and a 
protect ring 3 1 between a susceptor 30 and a protect ring 3 1 according to this operation gestalt do not hit susceptor 30 
front face directly, consumption of a susceptor 30 is prevented. 
[0104] 

[Effect of the Invention] It supports possible [ rise and fall of the protect ring which surrounds the periphery edge of the 
processed base laid on the susceptor ], and the height of the top face of this protect ring is detected, and since it is made 
the configuration which adjusts the height of said protect ring based on said detected height, a protect ring top face is 
always maintainable in this invention, on the same flat surface as the top face of said processed base. Therefore, even if 
a protect ring is exhausted, electric field can always be centralized near right above the processed substrate laid on the 
susceptor. Furthermore, since a level difference is not formed on the boundary of the periphery edge of a processed 
substrate, and a protect ring, a charge-up damage is not discovered, the flow of etchant ion becomes homogeneity, and 
an etch rate is equalized in between the core of a processed substrate, and near a periphery edge. 



[Translation done.] 
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